During firing of resistor materials the resistance is influenced by gaseous contaminants and by compounds given off by other pastes. Nearly all inorganic salts which are slightly volatile at the firing temperature, and some rather stable organic materials influence the resistor properties. Halogenated materials are the most important and the higher ohmic series the most sensitive.
INTRODUCTION
The fired resistor properties of thick film resistors and conductors are influenced by process parameters, such as the time/temperature relationship of the furnace and by contaminants, which are present during firing in the furnace or which are absorbed before firing starts.
In this last case really large deviations from normal values can arise, even such that the whole batch falls outside the specifications, being in our case a limit of about -+ 25%. The higher ohmic resistors are most sensitive to these kind of materials.
In general this subject has not been dealt with in the literature. Lynch has done a critical study on thick film resistors, in which he determined the influence of the quality of the compressed air in the furnace.
Next to that it is generally known that halogenated hydrocarbons can have a detrimental effect. Only Dupont 2 has given some figures. They found an influence of only 100 ppm trichloroethylene and of more than 1000 ppm trichloroethane on their 1300 series resistors, while thinners had only a minor influence.
In our factory a large influence of only small amounts (some ppm) Freon TF in the atmosphere on all resistor pastes and on aluminium paste has been found.
Next to these air contaminants it is possible that chemical decomposition products influence the properties of other pastes. For instance it was found that some dielectric and glass pastes changed the properties of cofired resistors, more especially if relative large amounts of these pastes are present in the furnace.
In order to be informed which compounds are responsible for this influence a test has been set up. The emphasis was laid on those constituents which are transported through the gaseous phase but originate from other substrates. As vehicles we used some resistor and aluminium pastes primarily. From Table I and Figure 3 it is clear that the resistance value of an unknown sample Table II we can see that cofiring of only 20 #g inorganic material on a resistor (of 2-3 mg) leads to a decrease of the resistance by 20-40%. So an addition of only 0.5-5% of the weight of the resistive material can give considerable change in resistivity.
EXPERIMENTAL DESIGN
Which material has been added is not very important: each one gives about the same change. The addition of a conducting material only brings forward this effect. Some acids have no influence because they are volatilized before reaction can take place.
Those gaseous phase experiments which have given an effect on the 4 resistive materials used are given in Table III . In all, these cases 5 mg of inorganic material was used, part of it being still present after the firing cycle. (Table IV) is under a certain threshold (which is for KC1 0,5 mg) no effect is observed, but above that threshold an exponential increase can be seen.
Cofiring other pastes has no large influence, as should be expected, but DP 9061 and DP 5217 have a significant effect. However if many substrates, each with a harmless amount of paste are present in the furnace, effects will be distinguishable with many pastes.
From Table V show the same change, when dosed as drop, show a different effect in the vapour phase primarily on basis of their vapour pressure.
Organic compounds too can influence the resistance value (Table VI) . In general, high molecular weight substances, which decompose above 200-300C and whose decomposition products contain reducing substances, are effective.
The mechanism however is different (Table VII) . In this case the effect depends not very much on the quantities and besides that the influences on the investigated pastes are comparable. The value of + 128% on ESL paste is unexplained.
As pastes contain relatively much organic materials, these are perhaps the most important.
If through some organic or inorganic material the resistivity changes, the TCR is changed too.
The results obtained with A1 pastes have been gathered in Table VIII , from which can be seen that the sensitivity to Na/KF or Na/KC1 is very large. Here resistivity increases a factor 106.
From Figure 4 it can be seen that even 0, 2 mg NaF has a significant effect and with higher quantities the change is larger and visible over a larger distance in the furnace. With Influence of NaF on the resistance of AI pastes.
It is clear that these kinds of pastes are very sensitive to contamination of the furnace atmosphere by halogenated hydrocarbons.
No influence could be detected from organic materials, mentioned in Table VI , or from other pastes, except from DP 5217 (R oo) which contains a fluoride. Even a layer of fired DP 5217 gives infinite resistances with A1 pastes. 
